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Abstract
Background: Tibetan food intake is influenced by the region’s high altitude and unique culture. Few published
studies of nutrient intakes among Tibetan women are available. The present study of Tibetan mothers with young
children explores dietary patterns, nutrient intakes, and differences between socio-demographic groups.
Methods: A cross-sectional survey of 386 women with a child aged less than 24 months was conducted in rural
areas surrounding Lhasa, Tibet. All participants were recruited using simple random sampling and were interviewed
face-to-face by trained investigators. Dietary information was collected via a food frequency questionnaire. Nutrient
intakes were calculated using food composition tables. Non-parametric tests were used to compare nutrient
intakes according to socio-demographic variables, and to compare results with the 2002 Chinese National Nutrition
and Health Survey (2002 NNHS) and dietary reference intakes (DRIs).
Results: Median intakes of energy (p < 0.001), protein (p < 0.001), fat (p < 0.001), vitamin A (p < 0.001), vitamin B1
(p < 0.001), vitamin B2 (p < 0.001), vitamin C (p < 0.001), and vitamin E (p < 0.001) were lower than the average
levels reported in 2002 NNHS. The median intakes of calcium (517 mg/d, p < 0.001), iron (35 mg/d, p < 0.001), and
zinc (17.3 mg/d, p < 0.001) were higher than the average levels in 2002 NNHS. The highest education subgroup
had significantly higher intakes of vitamins A and C than the lowest education subgroup.
Conclusion: Although the diet of Tibetan mothers with young children has been partially influenced by other
factors, their dietary patterns are still mostly composed of Tibetan traditional foods. Compared with the 2002
NNHS, Tibetan women with young children appear to have insufficient intakes of many nutrients, which will affect
their nutritional status.
Background
According to the 2002 Chinese National Nutrition and
Health Survey (2002 NNHS) [1], the prevalence of ane-
mia in China was over 25% (Dallman et al. method)
among women from rural areas. A hospital-based survey
s h o w e dt h ep r e v a l e n c eo fa n e m i aw a sv a r i o u s l y7 0 . 0 %
(CDC method), 77.9% (Dirren et al. method), and 41.3%
(Dallman et al. method) among Tibetan women in
Lhasa, Tibet [2]. Furthermore, the 2002 NNHS results
also showed that 8.3% of women from rural areas were
malnourished and suggested that these women lacked
basic knowledge of nutrition and health [1]. However, in
the 2002 NNHS, only 0.8% of the women sampled were
Tibetan; therefore, the nutritional status of Tibetan
women could not be specifically described.
There have only been a few studies describing the nutri-
ent intakes of Tibetans [3,4]. Moreover, these studies have
not provided a sufficient explanation of the dietary intake
circumstances of Tibetan mothers. In 2008, we began a
research project in Lhasa, Tibet, that mainly focuses on
two points: first, the health status of children aged 0-24
months and the behaviors and attitudes of their mothers
towards feeding; and second, the mothers’ dietary and
nutrient intakes. The survey was supported by the
National Natural Science Foundation of China and the
China Medical Board of New York, Inc. In the current
analysis, we describe Tibetan mothers’ nutritional status,
and compare the differences between nutrient intakes of
Tibetan women and the results for lactating mothers in
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nutrient intake and socio-demographic characteristics.
Methods
Setting and survey design
Tibet is located on the highest plateau of the world, with
86% of the region at an altitude of at least 4000 meters.
Most Tibetans live at altitudes between 2500 and 4500
meters [5], and the main economical activities are farm-
ing and animal husbandry [6]. The 2003 population cen-
sus indicated that there werea p p r o x i m a t e l y2 . 5 9m i l l i o n
inhabitants in Tibet, with 96% being of Tibetan national-
ity [6]. The rural population accounted for approximately
85% of the total population [7]. The study was conducted
in rural areas surrounding Lhasa, the capital of Tibet,
which is located on the Qinghai-Tibet Plateau. The mean
altitude of Lhasa is 3685 meters above sea level.
A cross-sectional survey was designed to document
the health status of children aged under 24 months and
their mothers’ dietary and nutrient intakes. Participants
were selected using simple random sampling and were
interviewed face-to-face by trained professional inter-
viewers between May and August 2008. The study was
approved by the Ethics Review Committee, Xi’an Jiao-
tong University College of Medicine. All participants
signed a consent form before completing the interview.
Sample size
Since the purpose of our study was to measure the health
status of children aged under 24 months and the dietary
intakes of mothers, we first calculated the sample size
based on the rates of diarrhea (67.2%) and upper respira-
tory infection (67.3%) reported in the 2002 NNHS and
the rate of breastfeeding (85%) in the Development of
Chinese Children (2001-2010). The sample size equations
were as follows: a = 0.05, δ =| p-π| = 0.05, followed by
n =
− ()  


2
2
2
1
. The required sample sizes were 339,
338, and 196, respectively. We chose the maximum sample
size (339), and expected a 20% no-response rate. The final
sample size was 406. Furthermore, there was a lack of precise
statistics for the nutrient intakes of Tibetan mothers with
young children. However, a sample size of 382 was used for
lactating mothers’ nutrient intakes in the 2002 NNHS [1]; we
u s e das a m p l es i z eo f4 0 6t od e s c r i b eT i b e t a nm o t h e r s ’ nutri-
tional status. We selected the participants using simple ran-
dom sampling based on the list of children who were under
24 months old and their mothers in the study area. A total
of 386 participants completed the study (95.1%).
Socio-demographics and anthropometry
Standardized interview questions were used to collect
socio-demographic information, including age, years of
education, maternal occupation, and family size, as
described in previous studies in Tibet [8,9]. Subjects
were asked to remove all heavy clothes and shoes and
undo hair styles and accessories in a preparation area.
Next, trained staff weighed the subjects on a calibrated
electronic scale (Tanita HD-305, Tanita (Shanghai)
Trading Co., Ltd.) and recorded the value to the nearest
0.1 kilogram. Standing height was measured using a
height-measuring tape (LD-SG01, Ningbo Land coopera-
tion) suspended from the wall. The subjects were asked
to stand erect with their shoulders level, hands at their
sides, thighs together, and heels comfortably together.
Subjects also kept the upper back, buttocks, and heels in
contact with the wall and the head aligned in the Frank-
fort plane during the height measurement. The height
values were recorded to the nearest 0.1 centimeter. All
anthropometric measurements were taken by a single
trained staff member. Body mass index (BMI) was calcu-
lated as weight (in kilograms) divided by height (in
meters) squared. Women were classified into BMI less
than 18.5 kg/m
2, 18.5-24.9 kg/m
2, 25-29.9 kg/m
2,o r
over 30 kg/m
2 [10].
Dietary survey
The mothers’ nutritional status was determined from
the dietary data collected using a food-frequency ques-
tionnaire (FFQ). The FFQ has adequate reproducibility
and validity for assessing dietary intake in rural China
[11,12]. Since this survey was conducted in Tibet, we
added some Tibetan foods to the questionnaire, such as
Zanba, Tibetan milk tea, and Tibetan salt cream tea.
Before being used in the study, the FFQ was revised
twice with the assistance of local nutrition staff. After
each revision, the FFQ was re-tested to determine
whether the items fitted local daily food consumption
patterns. The final version of the FFQ included 92
items, covering cereals, meat, vegetables, fruits, egg pro-
ducts, nuts, fish, beverages, alcoholic beverages, and
snacks. Typical dishes were displayed in the booklet,
along with average portion sizes [13,14]. Options for the
serving size were 0.5, 1, 1.5, or 2, with the displayed size
as reference (average size) for most of the food items.
More detailed options were offered for portion sizes of
Tibetan foods. Participants were asked how often, on
average, they consumed each food item during the past
12 months.
Intakes were calculated for energy, protein, fat, carbo-
hydrate, vitamin A, vitamin B1, vitamin C, vitamin E,
calcium, iron, and zinc. Nutrients were calculated
according to the 2002 and 2004 China Food Composi-
tion Tables [15,16]. Food items were divided into six dif-
ferent subgroups, following previous experience of
nutritional investigations and dietary habits in the rural
area of western China [11,12].
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Nutrient reference values were based on national stan-
dards [16]. Since these were rural participants, we used
Chinese DRIs (dietary reference intakes) with moderate
PAL (physical activity level). Reference values were RNI
(recommended nutrient intake) or AI (adequate intake)
for lactating mothers. These recommended values are:
energy 11721 kJ, protein 90 g, fat at 20-30% of total
energy (63.4-95.0 g), and carbohydrate at 55-65% of total
energy (379.2-448.2 g). We chose the median of the
range for fat (79 g) and carbohydrate (414 g) as the
recommended value. Other nutrient reference values
were as follows: vitamin A 1200 μg (retinol equivalents),
vitamin B1 1.8 mg, vitamin B2 1.7 mg, vitamin C 130 mg,
vitamin E 14 mg, calcium 1200 mg, iron 25 mg, and zinc
21.5 mg. In the present analysis, we compared our results
with the daily nutrient intakes of lactating mothers in the
2002 NNHS. In that survey, dietary intake data were col-
lected using 24-hour recall over 3 consecutive days [1].
The nutrient intakes of lactating mothers in the 2002
NNHS were as follows: energy 10036 kJ, protein 70 g, fat
77 g, carbohydrate 355 g, vitamin A 524 μg, vitamin B1
1.1 mg, vitamin B2 0.8 mg, vitamin C 96 mg, vitamin E
37 mg, calcium 385 mg, iron 24 mg, and zinc 11.6 mg.
Quality control
The interviewers (physicians from the Department of
Public Health, School of Medicine, Tibet University)
were trained to standardize administration of the ques-
tionnaire and anthropometric measurements. They were
trained in the field for at least 1 week prior to commen-
cing the surveys. A pilot survey was performed before the
formal survey, with all data for analysis being from the
formal survey. Two investigation teams were established,
each consisting of four members and a supervisor. At
least two members were Tibetan and were able to com-
municate in both Tibetan native language and Chinese.
During the survey, a data checking system was employed,
which involved all interviewers checking their own data,
each interviewer checking data with another interviewer,
and data checking by supervisors. Subjects were re-inter-
viewed when answers to key questions or missing values
were identified. The accurate age of the child was based
on the Permanent Residence Registration and/or Record
of Scheming Immunization documents, where the birth
date is recorded. The Tibetan lunar calendar dates were
converted to Gregorian calendar dates.
Statistical analysis
A database was established by using Epi Data version 3.1
(The EpiData Association Odense, Denmark), and double
data entry was performed. We used the Shapiro-Wilk test
to determine whether nutrient intakes had a normal distri-
bution. The data for nutrient intakes had a non-normal
distribution; therefore, median values were used to
describe continuous variables. We calculated the con-
sumption frequency of all foods, and arranged the five
most frequently consumed foods from each food subgroup
in descending order. We used the Wilcoxon signed rank
test to determine whether our data were significantly dif-
ferent from 2002 NNHS values. To compare the differ-
ences between different socio-demographic groups, we
used the Kruskal-Wallis test. To compare the differences
between two subgroups within each socio-demographic
group, we used the Wilcoxon two-sample test (adjusted
P < 0.017). Statistical significance was determined at P <
0.05 (two-tailed tests). SAS version 9.2 (SAS Institute Inc.,
Cary, NC, United States) was used for all analyses.
Results
Socio-demographic characteristics
All 386 participants were native Tibetans. Approxi-
mately 89% of the children had been breastfed, and 49%
were still breastfeeding during the survey (data not
shown). The mean age of the mothers was 28.5 years.
Approximately 20% of the participants had completed 9
years of basic education. The quartile range for family
size was 4-7 people in one household. Most earned a
living by farming and raising animals only. There were
no women classified as obese (Table 1).
Table 1 Socio-demographic characteristics of the subjects
Characteristic Outcomes n (%)
Maternal age, y (n = 385)
< 20.0 6 (1.6)
20-23.9 86 (22.3)
24-29.9 168 (43.6)
≥30 125 (32.5)
Educational years (n = 385)
< 1 121 (31.4)
1-8 183 (47.5)
≥ 9 81 (21.0)
Maternal occupation (n = 384)
Farming and animal husbandry only 277 (72.1)
Others 107 (27.9)
Family size (n = 386) Median (25th%-75th
%)
5 (4-7)
Number of children in each household
(n = 386)
1 225 (58.3)
2 140 (36.3)
≥3 21 (5.4)
Body mass index, kg/m
2 (n = 361)
< 18.5 37 (10.3)
18.5-24.9 294 (81.4)
25-29.9 30 (8.3)
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In this survey, staple foods provided 64.1% of total
energy, 55.2% of total protein, 27.3% of total fat, 75.9%
of total carbohydrate, 45.4% of total calcium, 71.2% of
total iron, and 74.6% of total zinc. Meat, poultry, and
fish provided 13.0% of total protein and 10.6% of total
fat. Eggs, milk, and dried legumes provided 7.7% of total
calcium (Table 2). On average 73%, 11%, and 24% of
dietary energy originated from carbohydrates, proteins,
and fat, respectively (data not shown).
The most commonly consumed foods were Tibetan
foods such as salt cream tea, Zanba, Tibetan milk tea,
yak meat, Tibetan noodles, and salted boiled potato
(exceptions were rice and noodles). These are traditional
foods that are either from unique crops or are made
using a local cooking style. In particular, the frequencies
of consumption of Tibetan salt cream tea and Zanba
were approximately once per day. Other traditional
foods, such as Tibetan noodles, yak, and Tibetan milk
tea, were consumed 2-4 times per week. In contrast,
most other foods were consumed 1-3 times per month:
e g g s ,m i l k ,a n dd r i e dl e g u m e s ;v e g e t a b l e s ,t u b e r s ,a n d
starches; and fruits and nuts (Table 3).
In this survey, we calculated energy, macronutrients,
and micronutrients derived from the top five foods in
the six dietary food groups (Table 3). These foods pro-
vided 74.7% of total energy, 70.2% of total fat, 75.9% of
total protein, and 73.7% of total carbohydrate, as well as
over 70% of the overall intake of other nutrients (data
not shown).
Comparison of nutrient intake with the 2002 NNHS and
nutrient reference values
Intake of carbohydrate was similar to the 2002 NNHS,
whereas intakes of calcium, iron, and zinc were higher
than those reported in the 2002 NNHS. The majority of
the iron was obtained from Zanba, rather than from the
meat, poultry, and fish food subgroup (data not shown).
Intakes of other nutrients were lower than the 2002
NNHS (Table 4).
Energy, fat, carbohydrate, vitamin E, and zinc intakes
were close to the nutrient reference values; however,
iron intake was higher than the reference values. Other
nutrients had low intakes (approximately 70% of the
reference values) (Table 4). When nutrients were com-
pared across socio-demographic groups, there were
Table 2 Median nutrient intake (percentage of total intake) derived from different dietary food groups
Energy
(kJ/d)
Protein
(g/d)
Fat
(g/d)
Carbohydrate
(g/d)
Vitamin
A( μg/d)*
Vitamin
B1 (mg/
d)
Vitamin
B2 (mg/
d)
Vitamin
C (mg/d)
Vitamin
E (mg/d)
Calcium
(mg/d)
Iron
(mg/
d)
Zinc
(mg/
d)
Staple
Wheat
products
1587.3
(18.1)
10.7
(18.6)
3.4
(6.0)
78.6
(22.0)
4.4
(1.8)
0.02
(2.3)
0.04
(6.3)
/
† 0.8
(6.8)
32.1
(6.2)
2.5
(7.1)
1.01
(5.8)
Rice
products
1336.6
(15.2)
7.3
(12.7)
0.9
(1.7)
71.0
(19.9)
/
† 0.05
(5.7)
0.08
(12.5)
/
† 0.3
(2.1)
19.8
(3.8)
3.4
(9.7)
2.32
(13.4)
Tibetan
naked
barley
2418.3
(27.6)
12.9
(22.4)
9.9
(17.4)
117.7
(33.0)
/
† 0.51
(58.0)
0.21
(32.8)
/
† 2.2
(18.2)
185.3
(35.9)
16.6
(47.8)
8.38
(48.4)
Meat, poultry, and fish
Meat 332.4
(3.8)
6.6
(11.5)
5.5
(9.7)
0.9
(0.3)
4.4
(1.8)
0.04
(4.6)
0.04
(6.3)
< 0.01 0.2
(1.7)
6.6
(1.3)
1.0
(2.8)
1.32
(7.6)
Poultry and
fish
14.7
(0.2)
0.4
(0.7)
0.2
(0.3)
0.02
(0.01)
0.9
(0.4)
< 0.01 < 0.01 /
† 0.01
(0.1)
0.2
(0.04)
0.03
(0.1)
0.02
(0.1)
Eggs, milk, and dried legumes
Eggs and
milk
84.1
(1.0)
1.2
(2.2)
1.0
(1.8)
1.4
(0.4)
17.3
(7.1)
0.01
(1.1)
0.03
(4.7)
0.2
(0.3)
0.1
(1.0)
24.2
(4.7)
0.2
(0.5)
0.14
(0.8)
Dried
legumes
17.2
(0.2)
0.3
(0.5)
0.3
(0.5)
0.2
(0.1)
< 0.01 < 0.01 /
† /
† 0.2
(1.5)
8.6
(1.7)
0.1
(0.3)
0.05
(0.3)
Vegetables,
tubers, and
starches
263.3
(3.0)
2.5
(4.4)
0.3
(0.5)
14.0
(3.9)
55.4
(22.8)
0.07
(8.0)
0.07
(10.9)
40.4
(59.5)
0.9
(7.3)
35.0
(6.8)
1.5
(4.3)
0.52
(3.0)
Fruits and nuts 396.8
(4.5)
2.4
(4.1)
4.6
(8.1)
8.9
(2.5)
28.5
(11.7)
0.07
(8.0)
0.05
(7.8)
6.1
(8.9)
3.0
(24.9)
14.1
(2.7)
/
† /
†
Drinks and snacks
Drinks 593.2
(6.8)
3.4
(5.9)
11.5
(20.3)
6.0
(1.7)
64.8
(26.7)
0.04
(4.6)
0.03
(4.7)
2.3
(3.4)
0.3
(2.4)
100.5
(19.5)
1.6
(4.5)
0.68
(3.9)
Snacks 650.9
(7.4)
1.9
(3.3)
3.3
(5.7)
25.9
(7.3)
/
† 0.04
(4.6)
0.03
(4.7)
3.6
(5.3)
0.3
(2.9)
11.7
(2.3)
1.5
(4.4)
0.26
(1.5)
* Retinol equivalent
† Value was below the limit of detection or trace amount
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years of education (Table 5). The highest education sub-
group had significantly higher intakes of vitamin A and
vitamin C compared with the lowest education sub-
group. There were no other significant differences
between subgroups.
Discussion
Our current survey provided detailed data on Tibetan
mothers’ dietary patterns and daily nutrient intakes and
showed that the diets of these mothers with young chil-
dren are mainly derived from staple foods (cereals) and
may not be nutritionally balanced. Our findings suggest
that approximately 25% of the foods taken frequently were
traditional Tibetan foods; however, interestingly enough,
the results also show that traditional Han foods, such as
rice, wheat noodles, and buns, were also frequently con-
sumed in the Tibetan diet. Our findings provide evidence
that Tibetan dietary patterns mainly reflect consumption
of cereals [4]. Vegetables and fruits are eaten less fre-
quently. This indicates that rural Tibetan mothers’ diets
consist predominantly of staple and traditional Tibetan
foods, which may be attributed to their traditional Tibetan
culture. Similar dietary patterns have been observed
among other minority nationalities in China [17]. Com-
pared with previous findings [4], we recorded somewhat
lower energy and protein intake per day.
An interesting finding was that the intakes of iron and
zinc were significantly higher than the 2002 NNHS, and
the intake of iron was notably higher than the nutrient
reference values, mainly due to the consumption of
Zanba (which consists of Tibetan naked barley, Tibet
salt cream tea, and Tibetan cream). Zanba has higher
levels of iron (13.9 mg/100 g) and zinc (9.55 mg/100 g)
than regular wheat flour, which contains 3.5 mg/100 g
of iron and 1.64 mg/100 g of zinc [15]. There have been
few studies on the bioavailabilities of iron and zinc from
Zanba. Other research on the bioavailablities of iron and
zinc may provide some clues. Heme iron is estimated to
have a uniform absorption of 15-35%. However, non-
heme iron has much lower bioavailability than heme
iron [18-20], with an absorption rate of 2.8% from the
consumption of cereals, pulses, and vegetables [21]. The
bioavailability of zinc is influenced by the degree to
which flour is processed: almost 50% more zinc is
absorbed from a serving of whole-wheat bread compared
with a serving of white bread [22]. According to our sur-
vey, iron and zinc were mainly derived from plant foods
and their absorption may be limited, which might explain
the higher prevalence of anemia observed among Tibetan
women in other studies [2]. Intakes of calcium were
higher than the average level in the 2002 NNHS, which
might be due to the traditional Tibetan milk tea (black
tea, milk, sugar) that is consumed every day.
Table 3 The five most frequently consumed foods from the six dietary food groups *
Order of consumption
frequency
Staple Meat, poultry
and fish
Eggs, milk and dried
legumes
Vegetables, tubers
and starches
Fruits and
nuts
Drinks and
snacks
First Rice (7) Yak (5) Egg (3) Potato (5) Sunflower
seeds (5)
Tibetan salt
cream tea (7)
Second Zanba (6) Pork (5) Yogurt (3) Shallot (5) Apple (4) Green Tea (7)
Third Tibetan
noodles (5)
Beef (4) Milk (3) Chinese cabbage (4) Orange (3) Tibetan milk tea
(5)
Fourth Wheat
noodles (5)
Chicken (2) Soybean soft curd (2) Hot pepper (4) Banana (3) Potato salty
boiled (4)
Fifth Wheat bun
(4)
/
† /
† Tomato (4) Watermelon
(2)
Mungbean starch
jelly (4)
*Categories are: 7 (once per day), 6 (5-6 times per week), 5 (2-4 times per week), 4 (once per week), 3 (1-3 times per month), 2 (less than once per month), 1
(almost never)
† Other foods consumed less than one time per month
Table 4 Energy and nutrient intakes in Tibetan mothers
compared with the 2002 NNHS
Median
of total
RNI/AI
† (%)
‡ 2002
NNHS
†
P
§
Energy (kJ/d) 8778 11721 74.9 10036 < 0.001
Protein (g/d) 58 90 64.4 70 < 0.001
Fat (g/d) 57 79 72.2 77 < 0.001
Carbohydrate (g/d) 357 414 86.2 355 0.187
Vitamin A (μg/d)* 243 1200 20.3 524 < 0.001
Vitamin B1 (mg/d) 0.9 1.8 50.0 1.1 < 0.001
Vitamin B2 (mg/d) 0.6 1.7 35.3 0.8 < 0.001
Vitamin C (mg/d) 68 130 52.3 96 < 0.001
Vitamin E (mg/d) 12 14 85.7 37 < 0.001
Calcium (mg/d) 517 1200 43.1 385 < 0.001
Iron (mg/d) 35 25 140.0 24 < 0.001
Zinc (mg/d) 17.3 21.5 80.5 11.6 < 0.001
* Retinol equivalent
†RNI: recommended nutrient intake of lactating mothers; AI: adequate intake
of lactating mothers; 2002 NNHS: mean intake per day of lactating mothers
‡ Percent of RNI or AI
§Difference between median intake and average intake of lactating mothers
in the 2002 NNHS using the Wilcoxon signed rank test (P < 0.05)
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sufficient intakes of calcium, iron, and zinc, intakes of
most other nutrients (especially vitamins) were lower
than the average level in the 2002 NNHS. Previous
research suggested that dietary diversity was correlated
with nutrient intakes [23,24]. Therefore, the main reason
for low intakes of vitamins may be the lower frequency
of consumption of vegetables, tubers, and starches and
fruits and nuts. These foods accounted for 33 items in
our FFQ but only seven items had a frequency of at
least once per week; other foods in these subgroups
were consumed less frequently. Intakes of protein and
fat were significantly lower than the 2002 NNHS. This
may be because, among the 21 items in the two dietary
food groups (meat, poultry, and fish and eggs, milk, and
dried legumes), only two foods (yak and pork) were con-
sumed at least once per week.
Several studies have suggested associations among
socioeconomic groups, demographic characteristics, cul-
ture, lifestyles, and dietary habits [17,25-32]. Factors
such as gender, age, education level, and physical activ-
ity appear to affect eating habits. Women who are weal-
thier and/or highly educated individuals appear to have
healthier diets [25-27]. In our study, we also found that
socio-demographic factors including education were
associated with nutrient intakes of Tibetan mothers with
young children. Our results suggest that the education
status of the mother may influence her dietary intake. It
is possible that well-educated mothers are more able to
eat a balanced diet than those with low levels of
Table 5 Median values of nutrient intakes (percentages of nutrient reference values) by socio-demographic category
Energy
(kJ/d)
Protein
(g/d)
Fat
(g/d)
Carbohydrate
(g/d)
Vitamin
A( μg/d)
‡
Vitamin
B1 (mg/
d)
Vitamin
B2 (mg/
d)
Vitamin
C (mg/d)
Vitamin
E (mg/d)
Calcium
(mg/d)
Iron
(mg/
d)
Zinc
(mg/
d)
Age, y*
≤ 23.9 8682
(90.2)
58
(82.8)
59
(92.2)
341
(98.8)
237
(33.9)
0.9
(70.0)
0.7
(57.5)
75
(75.0)
12
(85.7)
516
(64.5)
34
(171.4)
17.4
(151.3)
24-29.9 9100
(94.5)
58
(82.8)
59
(92.2)
377
(109.3)
270
(38.6)
0.9
(70.0)
0.6
(51.7)
71
(71.0)
12
(85.7)
521
(65.1)
35
(175.7)
17.1
(149.0)
≥30 8447
(87.7)
55
(78.6)
52
(81.3)
351
(101.7)
224
(32.0)
0.9
(70.0)
0.6
(51.7)
58
(58.0)
11
(78.6)
511
(63.9)
35
(175.7)
17.6
(153.1)
Educational years
†
< 1 8138
(84.5)
53
(75.7)
53
(82.2)
326
(94.4)
213
b
(30.4)
0.8
(63.1)
0.6
(51.7)
60
a
(60.0)
11
(78.6)
482
(60.3)
33
(166.3)
17.3
(150.7)
1-8 9151
(95.1)
60
(85.4)
59
(92.2)
373
(108.2)
244
(34.9)
0.9
(70.0)
0.7
(57.5)
71
(71.0)
12
(85.7)
546
(68.2)
36
(179.0)
17.1
(149.0)
≥ 9 9218
(95.8)
61
(87.3)
62
(97.3)
375
(108.6)
293
(41.8)
0.9
(69.2)
0.6
(52.5)
84
(83.7)
12
(85.7)
511
(63.9)
33
(166.2)
17.6
(153.4)
Maternal occupation
Farming and
animal husbandry
only
8669
(90.1)
57
(82.1)
56
(87.4)
360
(104.3)
235
(33.6)
0.9
(66.9)
0.6
(53.3)
68
(67.7)
12
(85.7)
515
(64.4)
34
(171.4)
17.3
(150.7)
Others 9180
(95.3)
60
(86.4)
60
(94.3)
354
(102.5)
279
(39.9)
0.9
(69.2)
0.6
(50.8)
69
(69.0)
12
(85.7)
523
(65.3)
35
(175.7)
17.3
(150.7)
Family size
≤ 3 8414
(87.4)
53
(75.4)
52
(81.7)
346
(100.3)
216
(30.9)
0.9
(69.2)
0.6
(50.0)
58
(57.6)
10
(71.4)
513
(64.3)
35
(173.0)
16.7
(144.8)
4-7 8874
(92.2)
58
(83.0)
59
(92.0)
360
(104.3)
248
(35.5)
0.9
(66.2)
0.7
(55.0)
69
(69.2)
12
(85.7)
527
(65.8)
35
(176.8)
17.6
(153.1)
≥ 8 8514
(88.4)
58
(83.4)
51
(79.8)
362
(105.1)
231
(33.0)
0.9
(67.7)
0.6
(52.5)
82
(82.0)
12
(85.7)
496
(62.0)
30
(151.4)
15.8
(137.0)
BMI, kg/m
2
< 18.5 8786
(91.3)
58
(82.6)
58
(90.4)
371
(107.4)
282
(40.3)
0.9
(72.3)
0.6
(53.3)
80
(80.3)
13
(92.9)
539
(67.3)
35
(176.8)
18.0
(156.3)
18.5-24.9 8594
(89.3)
57
(81.6)
55
(86.8)
350
(101.4)
235
(33.6)
0.9
(66.2)
0.6
(52.5)
64
(64.0)
11
(78.6)
514
(64.3)
33
(166.7)
17.3
(150.7)
25-29.9 8318
(86.4)
56
(79.5)
52
(81.3)
348
(100.9)
171
(24.5)
0.8
(61.5)
0.6
(53.3)
73
(72.8)
11
(78.6)
494
(61.8)
36
(181.0)
17.2
(149.5)
* Age categories of < 20.0 and 20-23.9 years are presented as < 23.9
†Significant differences in intakes of protein, vitamin A, and vitamin C according to years of education (P < 0.05);
‡ Retinol equivalent
a significant difference in vitamin C intake for < 1 versus 1-8 years of education using the Wilcoxon two-sample test (P < 0.017)
b significant difference in vitamin A intake for < 1 versus ≥ 9 years of education using the Wilcoxon two-sample test (P < 0.017)
Wang et al. BMC Public Health 2010, 10:801
http://www.biomedcentral.com/1471-2458/10/801
Page 6 of 8education. A potential reason for this is that mothers
who have a greater number of years of education have
more opportunities to accumulate nutritional knowledge
in school and may, therefore, pay more attention to
their dietary intakes.
There are some limitations of the present study. First,
although the cross-sectional design of the survey yields
information about the nutritional status of Tibetan
mothers with children under 2 years of age, this design
does not provide direct evidence of the causality [33].
Therefore, this characteristic should be noted when the
results are used in other research. Second, the selection
of a moderate PAL as a reference could introduce bias
because we have not measured the PALs of the women
directly. However, all of the women had children and/or
were breastfeeding their infants (approximately 50%),
which made it impossible for them to do hard physical
labor such as farming all day. We believe that a moder-
ate PAL would be appropriate for them. Third, we were
unable to obtain blood samples from the participants;
thus, we did not have access to clinical biomarkers of
their nutritional status (such as serum hemoglobin). The
measurement of biomarkers for nutritional status may
help us to understand whether unbalanced dietary pat-
terns are leading to poor nutritional status among rural
Tibetan mothers with young children. For example,
10.3% of women in this sample were underweight,
which was slightly higher than the 3.1% of mothers with
children under 2 years old who were underweight in the
2002 NNHS [1]. Although there are some limitations to
our present study, it nevertheless provides some valuable
information on the dietary patterns and nutrient intakes
of Tibetan mothers with young children.
Conclusions
Rural Tibetan mothers with young children were shown to
have fairly monotonous dietary patterns with traditional
foods such as Tibetan salt cream tea, Zanba, and Tibetan
milk tea being important daily foods. Tibetan foods were
the main sources of intakes of iron and zinc. Intakes of
these nutrients were higher than nutrient reference values
and intakes reported in the 2002 NNHS. Nutritional edu-
cation could be considered as one potential measure for
improving the dietary patterns among this population.
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